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(54) Pneumatic spring 

(57) In a spring operating with a 
pressurised gas, sudden movements 
caused by a severe drop in pressure 
are limited. For this purpose, a 
variable volume chamber 10, which 
is usually in a state where it permits 
relative movement of the piston rod 
4 in relation to the enclosure 1 , 
expands during a rapid 
depressurisation in the enclosure, a 
section 1 1 then exerting a frictional 
force on the rod 4 to bring it to rest. 
The chamber 10 includes a valve 20 
which allows communication with the 
gas in the enclosure unless a sudden 
pressure drop occurs. In alternative 
embodiments the variable volume 
chamber can be carried by the 
piston. 
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SPECIFICATION 
Pneumatic spring 

5 This invention relates to a pneumatic spring. 
The principle of such springs has been 
known of for a long time: a cylindrical enclo- 
sure is divided into two chambers by a piston 
integral with a rod which projects from the 

10 enclosure through an impervious seal. The two 
chambers are joined together by a passage 
which includes a constriction. When the enclo- 
sure is filled with a gas under pressure, the 
rod is subjected to a force which causes it to 

15 come out of the enclosure, and which is pro- 
portional to the relative pressure in the enclo- 
sure and to the transverse section of the rod, 
and the movement of the rod is carried out at 
a speed which is governed by the flow of 

20 fluid through the constriction connecting the 
two chambers. 

If the relative pressure of the fluid is zero, 
that is, if the fluid is at generally atmospheric 
pressure, then the device functions purely as a 

25 damping device. 

If, on the other hand, the pressure of the 
fluid is high and if the constriction allows a 
substantial flow, then the device functions 
principally as a spring. 

30 The higher the pressure in the enclosure, 
the more likely it is that damage resulting in a 
severe drop in pressure can have unfortunate 
consequences on an installation to which the 
spring-damping device is connected. In fact, 

35 due to the damage, the pressure drops rapidly 
in the chamber where the damage has been 
caused, whilst the action of the constriction 
only permits a slow drop in pressure in the 
other chamber. A phenomenon similar to the 

40 sudden, and undesired, slackening of a spring, 
with rapid and uncontrolled movement of the 
rod towards one of its extreme positions, is 
produced. 

This can be seen particularly in the case of 

45 a device such as is described in Specification 
FR-A-1, 336,987 relating to a "pneumatic 
spring" containing a gas at a pressure which 
can reach 150 bars. 
Devices are already known in which the 

50 means for restraining the movement of a pis- 
ton of a pneumatic spring are controlled by ' 
the pressure in a variable volume chamber. 
For example, Specification FR-A-2,444,854 
describes a variable volume chamber which, 

55 when in its inactive state, is isolated from the 
enclosure of the pneumatic spring and con- 
tains a certain quantity of gas. When there is 
a fall in a pressure in the enclosure, a valve 
connects the variable volume chamber with 

60 the enclosure, which sets off the braking sys- 
tem. This system has the disadvantage, if it is 
sensitive, of being able to be set into action 
by a simple sudden difference in temperature 
between the chamber and the enclosure, with- 

55 out easily being returned to its previous state. 



Specification US-A-2,928,507 provides for a 
braking action of the piston by the action of a 
variable volume chamber, but only in the case 
of over-pressure in the enclosure, which is 

70 contrary to the objective aimed at here. In this 
specification also, the enclosure is not con- 
nected to the chamber under normal operating 
conditions, which presents the same type of 
disadvantage as that described above. 

75 The aim of the present invention is therefore 
to provide a device which is sensitive, that is, 
which reacts rapidly to a drop in pressure in 
the enclosure, which is not subject to being 
set in motion at inopportune moments and 

80 which, furthermore, is simple, strong and eco- 
nomical. 

To achieve this result, this invention pro- 
vides a gas spring-damping device, comprising 
a narrow enclosure intended to contain a 

85 pressurised gas, this enclosure being cylindri- 
cal and divided into two chambers by a mo- 
veable piston integral with a rod which pro- 
trudes from the enclosure by passing through 
a gas-tight seal, a constricted passage perma- 

90 nently connecting the two chambers, a vari- 
able volume chamber which can pass from an 
inactive state, when it does not oppose rela- 
tive movement between the rod and the en- 
closure, to an active state, when it opposes 

95 said movement, the said variable volume 
chamber being in an inactive state when its 
internal pressure is approximately equal to that 
of one chamber of the enclosure, and in an 
active state when its internal pressure is 

100 higher, by a predetermined amount, than that 
in the same chamber of the enclosure, 
wherein a valve is arranged to keep the said 
variable volume chamber in communication 
with the said chamber of the enclosure when 

105 the pressure in the chamber of the enclosure 
is approximately equal to or higher than the 
pressure in the variable volume chamber, and 
to break the communication between the two 
chambers during a severe drop in pressure in 

110 the chamber of the enclosure, the said pas- 
sage having a small enough cross-section to 
oppose an equalisation of pressures in the 
two chambers, if the said drop in pressure is 
made at a speed greater than a predetermined 

115 speed. 

The variable volume chamber can be com- 
posed of metallic sections which can move in 
relation to each other, but, to achieve a 
greater simplicity of construction and a more 

120 advantageous cost, it is preferable for it to be 
composed of an inflatable ring, at least one 
wall of which is of a resilient, impervious ma- 
terial, this ring being coaxial with the enclo- 
sure. 

125 The variable volume chamber can, in its ac- 
tive state, provide a restraint to the relative 
movement between the rod and the enclosure, 
this restraint being either permanent or over- 
come by appropriate means or force. It is, 

130 however, more advantageous to provide that, 
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in its active state, the variable volume cham- 
ber opposes the relative movement between 
the enclosure and rod, by providing friction 
which can be overcome by a force greater by 
5 a predetermined amount that the normal force 
for setting the spring-damping device into ac- 
tion In fact, immobilisation can then be 
achieved in any position of the rod, without 
discontinuity, and subsequent displacement is 
10 made easier. 

If this embodiment is combined with the 
preceding one, the resilient material forming 
part of the walls of the variable volume cham- 
ber, for example an elastomer, can also con- 
15 stitute the frictional material. 

Advantageously, the walls of the vanable 
volume chamber may comprise an annular u- 
shaped section, made of a flexible and imper- 
vious material, and a rigid tubular section con- 
20 necting the two flanges of the U-section, this 
Wbular section being traversed by the passage 
connecting the variable volume chamber with 
the chamber of the enclosure, the tubular sec- 
tion furthermore bearing the valve, the latter 
25 being activated by the distortion of the tubular 
section caused by a positive difference in 
pressure between the interior of the variable 
volume chamber and the opposite face of this 

section. . . _ 

30 It will be observed that, in this case, tne 
valve is not activated by a flow of fluid from 
the variable volume chamber to the chamber 
of the enclosure, but directly by the difference 
in pressure between the two sides of the wall 
35 of the variable volume chamber, from which is 
achieved greater security and speed of action. 

Two different embodiments are preferred. 
Although they are not absolutely identical, 
thev do give very similar results. 
40 In the first one, the variable volume chamber 
is inside the enclosure, is integral with it and. 
when it is in an active state, exerts a fnctional 
force on the rod. , 
In the second embodiment, the variable vol- 
45 ume chamber is inside the enclosure, is inte- 
gral with the rod and. when it is in an active 
state, exerts a frictional force on the inner 
wall of the enclosure. 
The first embodiment makes it possible to 
50 achieve a total compactness with the gas-tight 
seal through which the rod projects from the 
enclosure. Furthermore, the space which exists 
between the rod and the variable volume 
chamber in its inactive state can be used as a 
55 lubricant reservoir. 

The second embodiment permits a more 
efficient frictional force, since it acts on a sur- 
face of greater diameter. Furthermore, if it is 
provided that the passage connecting the van- 
60 able volume chamber to a chamber of the en- 
closure emerges in the passage permanently 
connecting the two chambers, this passage 
going through or skirting around the piston, 
the greatest reaction speed can be obtained, 
65 on whichever side of the gas spring the dam- 



age has taken place. 

According to a method which can be less 
secure but which is simpler and more eco- 
nomical, no matter which embodiment is cho- 
70 sen. it can be provided that the variable vol- 
ume chamber is composed of a U-section nng 
with thin flanges, which is capable of sliding 
radially in a groove with sides perpendicular to 
the axis, the said flanges forming, with the 
75 sides of the groove, the said valve. 

The following is a more detailed description 
of embodiments of the invention, reference 
being made to the accompanying drawings, in 

which: , . . 

80 Figure 1 is a front view and partial section 

of a device according to a first embodiment. 
Figure 2 is an enlarged section of Fig. 1, 
Figure 3 is a similar view to Fig. 2. showing 

a variation. 

85 Figure 4 is a similar view to Fig. 1. but 
relating to a device according to a second 
embodiment, 
Figure 5 is an enlarged section or i-ig. 

90 ^F/gure 6 is a similar view to Fig. 5, showing 

a variation. • c - 1 

The spring-damping device shown in Hg. i 
is of a type which has gas compressed at 
high pressure. It comprises a metallic cylindn- 
95 cal enclosure 1, closed at one end and having 
at the other end an opening 2 fitted with an 
impervious seal 3 through which a rod 4 is 
slideable. A piston 5 fitted with an sealing 
washer 6 is fixed at the end of this rod. A 
100 passage 7 with a small cross-section connects 
the two surfaces of the washer 6. and conse- 
quently connects the two chambers 8, 9 
which it defines in the interior space of the 
enclosure. 

105 Adjacent the seal 3. a vanable volume 
chamber 10 is defined by a synthetic elas- 
tomer rubber annular section 11, which is a 
U-section open in the radial direction facing 
away from the axis, and a metallic tubular 
110 section 12. the ends of which closely support 
the flanges of the U-section. and the external 
diameter of which is approximately equal to 
the internal diameter of the enclosure 1 . 
The annular chamber is held in position, in 
115 the axial direction, between a first annular 
blocking section 13, the opposite face of 
which bears against the impervious seal 3, 
and a second annual blocking section 14 
which is held in place by an internal rib U on 
120 the wall of the enclosure 1. The two blocking 
sections have the same external diameter as 
the tubular section 12, and therefore bear 
aqainst the inside of the enclosure 1. It should 
be noted that, in devices of the prior art type. 
125 the seal 3 is held in the same way by a 
blocking section held in place by an internal 

" b Figs. 1 and 2 show the variable volume 
chamber in its inactive state 
130 It can be seen from these figures that the 
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internal diameter of the rubber annular section 
1 1 is slightly greater than the diameter of the 
rod 4, so that it does not hinder the sliding of 
the rod at all. 
5 A passage connects the interior of the vari- 
able volume chamber 10 with that of the 
chamber 9 of the enclosure, which contains 
the rod 4. This passage is composed of a 
radial groove 16 formed in the surface of the 

10 second blocking section 14 which is contact 
with the annular chamber, a narrow annular 
cavity 17 which exists between the rubber 
section 1 1 and the wall of the enclosure 1, an 
axiai groove 18 on the external surface of the 

15 tubular section 12, and a radial channel 19 
which passes through this tubular section and 
emerges on one side in the axial groove 18 
and on the other side inside the chamber 10. 
The tubular section 12 has a valve 20, 

20 coaxial with the radial channel 19. This valve, 
of a type well known to an expert, is made of 
elastomer. It is lightly compressed between 
the seating which it seals and the internal sur- 
face of the rubber section 1 1, when the latter 

25 is in its inactive state. 

The method of operation is as follows: 
when the piston is immobile, or when it 
moves at low speed, controlled in particular 
by the speed at which the gas passes through 

30 the passage 7 of the piston, the variations in 
pressure in the chamber 9 are zero or slow, 
and the difference in pressure between the 
chambers 9 and 10 is slight, the gas circu- 
lates freely in the passages 16, 17, 18, 19, 

35 and the section 1 1 is hardly distorted at all. 
Supposing that some damage causing a se- 
vere drop in pressure takes place in the cham- 
ber 9, for example at the level of the seal 3, 
the gas will flow relatively slowly through the 

40 passages 16, 17, 18, 19, and the difference 
in pressure will cause the valve 20 to be kept 
on its seating. The pressure inside the variable 
volume chamber 10 is thus kept at an approx- 
imately constant value, whilst the pressure in 

45 the chamber 9, and consequently in the space 
between the rod 4 and the section 11, contin- 
ues to drop rapidly. This results in the internal 
surface of the section 1 1 bearing on the rod 
and exerting on it a frictional force which is 

50 proportional to the pressure which prevails in 
the chamber 10, until this rod is brought to* 
rest. 

If the damage takes place on the opposite 
side of the spring-damping device, the severe 

55 drop in pressure in the chamber 8 causes ra- 
pid movement of the piston 5, and, conse- 
quently, the pressure also drops severely in 
the chamber 9, with the result that the same 
conditions are obtained as above. 

60 Fig. 3 shows a variation of the device of 
Fig. 2. The annular section 1 1 has, on the 
side which is opposite to the seal 3, a flexible 
flange 21 directed towards the axis which 
bears against the rod 4 even when in its inac- 

65 tive state. The space contained between the 



section 11, the blocking section 13, the seal 
3 and the rod 4 forms a lubricant reservoir. 
The method of operation is the same as 
above, the only difference being that, when 

70 the chamber 10 distorts as it passes into its 
active state, the lubricant is partially expelled 
towards the chamber due to the flexibility of 
the flange 21. 
In order to refill the lubricant reservoir, a 

75 groove 22 next to the piston 5 can be pro- 
vided on the rod 4, the depth of this groove 
being sufficient to allow a passage between 
the bottom of it and the flange 21. An imper- 
fect braking system is of course obtained as 

80 long as the chamber 10 is on the right of the 
groove, but that is not serious since the pis- 
ton is then just about at the end of its travel. 

Figs. 4 to 6 show a spring-damping device 
according to a second embodiment of the in- 

85 vention. The same reference numerals are 
used for the same components as in the pre- 
vious figures. 

The main difference is the fact that the vari- 
able volume chamber 10, instead of being 

90 fixed on the enclosure 1 to act on the rod 4, 
is carried by the piston 5 to act on the wall 
of the enclosure 1 . 

The seal 3 is held by a single blocking sec- 
tion 30 which is held in place by an internal 

95 rib 15, as has been mentioned above with 
regard to the prior art. 

The piston 5 is held in the axial direction on 
one side by a shoulder 31 on the rod 4, and 
on the other side by a disc 32 which is set at 

100 one end of the rod, as in the prior art, but, 
instead of the piston being directly supported 
on this disc, the variable volume chamber 10 
is inset between these two sections. This 
variable volume chamber is composed of an 

105 annular U-shaped rubber section 33, facing 
this time in the direction of the axis of the 
rod, and a tubular section 34 encircling the 
rod 4 and supported on the two flanges of 
the U-section. In its inactive state, the section 

110 33 leaves a space 35 between itself and the 
wall of the enclosure 1. This space forms part 
of the passage 7 which connects the two 
chambers 8 and 9 of the enclosure. The 
chamber tO is connected to the space 39 by 

115 a passage with two branches, which com- 
prise: a radial groove 36 formed in the disc 
32 on the side opposite the chamber 10, and 
a radial groove 37 formed in the piston, also 
on the side opposite the chamber 10, an axial 

120 groove 38, formed on the inner surface of the 
tubular section 34 and which connects the 
two grooves 37 and 36, and a radial channel 
39 which passes across the tubular section 
34 and emerges on one side towards the 

125 middle of the axial groove 38 and on the 
other side in the variable volume chamber 10. 
A valve 20, supported by the tubular section 
34, is arranged close to the channel 39 in the 
manner described above. 

130 The method of operation is completely simi- 
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lar to that described above, and will not there- 
fore be described in further detail. 

However, it shall be noted that, when the 
chamber 10 moves into its active state, the 

5 continuity of the passage 7 is unbroken as 
£ gas can pass from chamber 8 to chamber 
9 and vice versa through the grooves 36 38 
and 37. Thus the piston can be moved by a 
suitable force without the difference .n pres- 

10 sure between the chambers 8 and 9 br.ng.ng 
it back to its initial position. 

Fiq 6 shows a variation of the device in 
Fig 5. The left hand side of this figure shows 
the chamber 10 in its inactive state and I the 

15 right-hand side of the same figure shows the 
sfme chamber in its active state. In this 
figure, the annular section 40 is not fixed, but 
can slide along the radially open surfaces of 
™ piston 5 and the disc 32; it 'S Provided 

20 with flexible flanges 41. 42. which serve both 
as gliding surfaces and as valves allowing the 
gas to pass from the passage 7 to the interior 
of the chamber 10, but not in the opposite 

25 d, The 0 continuity of the i passage 7 is ensured 
by the axial grooves 43 provided on the ex- 
ternal surface of the annular sectton 4a The 
disc 32 is extended by a tubular part 44 
which extends along the rod I and whic .does 

30 not form the equivalent of the ^ularsecjon 
34, but merely serves to .mmobil.se the pis 
ton. Therefore the tubular part 44 with the 
surfaces positioned radially from the disc and 
the piston, forms a rectangular sectioned 

35 groove in which the section 40 slides. 

9 It should be noted that the arrangement de- 
scribed with reference to Figs. 1 to 3 can be 
modified according to what has been said 
Sh regard to Fig. 6, as the expert w.ll under- 

40 stand without any difficulty. 

It should also be noted that the fluid con- 
tained in the chamber 10 can be different 
from that in the enclosure. In this case, a 
moveable separating piston or a flexible mem- 
45 brane can be provided, for example, in the 
radial channel 19 or 39 in Figs. 2 and 4. 



CLAIMS . , . • 

1 A gas spring-damping device, compris- 

50 ing a narrow enclosure intended to contain a 
pressurised gas. this enclosure being cyhndri- 
cal and divided into two chambers by a mo- 
veable piston integral with a rod wh.c!v pro- 
trudes from the enclosure by passing through 

55 a gas-tight seal, a constricted passage > perma- 
nently connecting the two chambers, a van- 
able volume chamber which can pass from an 
inactive state, when it does not oppose i re la- 
tive movement between the rod and the en- 

60 closure, to an active state, when ,t opposes 
said movement, the said vanable volume 
chamber being in an inactive state «fhenrts 
internal pressure is appropriately equal to that 
of one chamber of the enclosure, and in an 
65 active state when its internal pressure is 



hiqher by a predetermined amount, than that 
in the'same chamber of the enclosure 
wherein a valve is arranged to keep the said 
variable volume chamber in communication 
70 with the said chamber of the enclosure when 
Z pressure in the chamber of the enclosure 
is approximately equal to or higher than the 
pressure in the variable volume chamber, and 
to break the communication between the two 
75 chambers during a severe drop in pressure .n 
the chamber of the enclosure, the said pas- 
sage having a small enough cross-section to 
oppose an equalisation of pressures in the 
two chambers, if the said drop in pressure.s 
80 made at a speed greater than a predetermined 

SD66U 

2 A spring-damping device according to 
Claim 1, wherein the variable volume chamber 
comprises an inflatable ring, at least one wall 

85 of which is of an impervious, resilient matenal, 
the ring being coaxial with the enclosure. 

3 A spring-damping device according to 
anv'of Claims 1 or 2. wherein, in its active 
state, the variable volume chamber opposes 

90 relative movement between the enclosure and 
the rod, by providing friction which can be 
overcome by a force greater by a Predeter- 
mined amount than the normal force for oper- 
ating the spring-damping device. 

95 4. A spring-damping device according to 
any of Claims 1 to 3, wherein the walls of the 
variable volume chamber comprise an annular 
U-shaped section, made of an impervious flex- 
ible material, and a rigid tubular section con- 

100 necting the two flanges of the U-section, the 
tebular section being traversed by the passage 
connecting the variable volume chamber w.th 
the chamber of the enclosure, the tubular sec- 
tion furthermore supporting the valve, which is 

105 set in action by a positive difference m pres- 
sure between the interior of the vanable vo - 
ume chamber and the chambers of the enclo- 
sure. 

5. A spring-damping device according to 
1 10 any of Claims 1 to 4, wherein the fluid of the 
enclosure is a gas. 

6 A spring-damping device according to 
any of Claims 1 to 5, wherein the vanable 
volume chamber is inside the enclosure is in- 
115 tegral with the latter and. when it is in its 
active state, exerts a frictional force on the 

r °7 A spring-damping device according to 
Claim 6. wherein the space between the yan- 
120 able volume chamber and the rod, when in 
me inactive state, forms a lubricant reservoir. 

8 A spring-damping device according to 
anv'of Claims 1 to 5, wherein the vanable 
volume chamber is inside the enclosure is in- 

125 tegral with the rod and, when it is in ts ^active 
state, exerts a frictional force on the internal 
wall of the enclosure. 

9 A spring-damping device according to 
Claim 8. wherein the passage ^hich connects 

130 the variable volume chamber to a chamber in 



the enclosure emerges in the passage perma- 
nently connecting the two chambers, this pas- 
sage passing through or round the piston. 

10. A spring-damping device according to 
5 any of Claims 1 to 3 and 5 to 9, wherein the 

variable volume chamber is made up of a U- 
section ring, with thin flanges, capable of slid- 
ing radially in a groove with sides perpendicu- 
lar to the axis, the said flanges forming, to- 
10 gether with the sides of the groove, the said 
valve. 

11. A spring-damping device according to 
any of Claims 1 to 10, wherein the variable 
volume chamber contains a fluid different from 

15 that in the enclosure. m 

12. A spring-damping device substantially 
as hereinbefore described with reference to 
Figs. 1 and 2, Figs. 1 and 3, Figs. 4 and 5, 
or Figs. 4 and 6 of the accompanying draw- 

20 ings. 
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